INTRODUCTION
============

Acute kidney injury (AKI) comprises a broad spectrum of clinical manifestations that range from mild injury to severe damage, which may result in permanent and complete loss of kidney function.^([@r01])^ Studies have demonstrated that AKI is associated with a high prevalence and mortality.^([@r02]-[@r09])^ Additionally, the incidence of AKI continues to increase despite technological advances.^([@r03],[@r09])^ This increase has been attributed to demographic changes (the aging population and a higher incidence of comorbidities), disease severity (multiple organ dysfunction syndrome) and AKI that is associated with complex interventions (organ transplants).^([@r10],[@r11])^ These findings suggest that AKI has a multifactorial origin in critically ill patients;^([@r05],[@r08],[@r10])^ however, the pathophysiology of this condition remains unclear.^([@r02])^

Several studies have analyzed the etiology of acute renal failure and have found that sepsis is a key contributing factor in AKI patients who are admitted to intensive care units (ICUs).^([@r05],[@r08],[@r12])^ Scientific evidence has indicated that 35%-50% of critically ill patients with AKI have renal injury due to sepsis.^([@r05],[@r07],[@r12])^ Patients who are diagnosed with septic AKI have a higher mortality risk than patients with non-septic AKI. In septic AKI patients, survival is associated with longer ICU and hospital stays.^([@r04],[@r05],[@r10],[@r13])^ Conversely, studies that initially focused on sepsis reported that 10%-50% of patients with sepsis subsequently developed AKI.^([@r08],[@r14])^ Published reports have found a significantly higher incidence of AKI and increased immune responses in non-critically ill patients, albeit with active infection.^([@r15])^ Several authors have suggested that this finding may be due to the different pathophysiologies^([@r10],[@r11],[@r15]-[@r20])^ of septic and non-septic AKI, which require specific treatments.

This study aimed to compare the etiology of septic versus non-septic AKI by analyzing the clinical and demographic characteristics of these patients. This study assessed Acute Physiology and Chronic Health Evaluation (APACHE) II scores and in-hospital outcomes, such as the need for dialysis, recovery of renal function; and death. Using patients from the local Brazilian population, this study aimed to validate the data that were previously found in North American, European and Australian populations. The incidence of death was the main outcome of this study.

METHODS
=======

This study used data from a preexisting database that was derived from a cohort of critically ill patients with AKI who were admitted to the ICU of a tertiary hospital in Northeastern Brazil. Data were collected daily during patient hospitalization from the time of admission until discharge or death. The inclusion criteria were as follows: a diagnosis of AKI, consecutive admission to the ICU, an age over 18 years, and the time period of January 2010 to January 2011. The exclusion criteria were as follows: stage 3-5 chronic kidney disease, kidney transplantation, suspected brain death within 24 hours of admission, an ICU stay shorter than 24 hours and incomplete outcome data.

The main outcome of this study was in-hospital death, which was based on the hypothesis that patients with septic AKI would be more prone to death than patients with non-septic AKI. The secondary outcomes were the need for dialysis and renal function recovery.

AKI was defined and staged according to the Risk Injury Failure Loss End-Stage Kidney Disease (RIFLE) classification.^([@r02])^ At the time of admission, the patients were allocated into two groups: septic and non-septic AKI. The criteria that were adopted to define sepsis and septic shock were based on the International Sepsis Definitions Conference report.^([@r21])^

Renal function recovery was defined as a final serum creatinine concentration within the limit of 20% or a baseline value of 44µmol/L. The definition included the discontinuation of renal replacement therapy for at least 3 days prior to death or hospital discharge for patients who required dialysis.^([@r04])^

The dependent variables were the need for dialysis, renal function recovery, and death. The independent variables were age; gender; ethnicity; patient origin (surgery center or the emergency ward); use of vasoactive drugs; water balance during the first 24 hours, which was defined as the volume acquired by the patient minus the volume lost to the external environment; APACHE II scores;^([@r22])^ and the presence of diabetes mellitus (DM), systemic arterial hypertension (SAH), heart failure/cardiogenic shock, and sepsis/septic shock. The presence of sepsis was the main independent variable in the study (exposure variable), whereas the other independent variables were fit variables.

The sample size was calculated using OpenEpi, considering that the ratio of cases among exposed patients was 74.5%, whereas the ratio of cases among unexposed patients was 45.2%.^([@r12])^ With a 5% significance level and an 80% statistical power of the test, a minimum of 44 patients per group were needed for this study.

Descriptive statistics were used to assess frequencies, measurements of central tendency and dispersion measurements related to the clinical, demographic, and laboratorial characteristics of the patients. The categorical variables were expressed as the absolute number (valid percentage), and the quantitative variables were expressed as the means and standard deviations in cases of normal distribution. The quantitative variables with non-Gaussian distribution were expressed as the medians and interquartile ranges. Student's *t*-test and the chi-squared and Mann-Whitney statistical tests were used to compare the means, the frequencies and the medians between the septic versus non-septic AKI groups.

A receiver operating characteristics (ROC) curve was used to assess the discriminatory power of the APACHE II score as a predictor of death and to identify a cutoff point with better accuracy, which determined the composition of the groups for the multivariate analysis. Logistic regression was used to determine the independent predictors of death. The criterion of p\<0.10 was used in the bivariate analysis to select the variables that composed the initial model of multivariate logistic regression. The final model was obtained using the stepwise backward method. The water balance was the only significant continuous variable in the multivariate analysis, which was stratified into tertiles using the upper tertile as the unexposed group. An alpha-type error of 5% was adopted for all of the statistical analyses. Statistical Package for Social Sciences (SPSS) version 17.0 was used for the data analysis.

The study was approved by the Research Ethics Committee of the *Hospital Calixto Midlej Filho*, *Santa Casa de Misericórdia*, in Itabuna (BA) under protocol number 01/2009. The next-of-kin of the patients signed the Informed Consent Form. The study followed the guidelines of the 1989 Declaration of Helsinki and resolution 196/96 of the National Health Council regarding research that involves humans.

RESULTS
=======

This study assessed a sample of 117 patients with acute renal failure, including 54 (46.15%) patients with septic AKI and 63 (53.85%) patients with non-septic AKI. The clinical and demographic characteristics and the baseline and laboratory physiological variables of the study subjects were compared between the two groups and are outlined in [table 1](#t01){ref-type="table"}.

###### 

Demographic, clinical, and laboratory variables of patients with acute kidney injury who were admitted to an intensive care unit

  **Variable**              **Septic AKI**     **Non-septic AKI**   **p value**
  ------------------------- ------------------ -------------------- -------------
  Age (years)               65.30±21.27        66.35±12.82          0.75
  Ethnicity                                                          
      Afro-descendant       44 (81.48)         48 (76.19)           0.49
      Non-Afro-descendant   10 (18.52)         15 (23.81)            
  Gender                                                             
      Female                31 (57.41)         33 (52.38)           0.59
      Male                  23 (42.59)         30 (47.62)            
  Patient origin                                                     
      Ward - EC             38 (70.37)         28 (44.44)           0.12
      Surgical center       16 (29.63)         35 (55.55)            
  Comorbidities                                                      
      Hypertension          27 (50.00)         51 (80.95)           0.01
      Diabetes mellitus     15 (27.78)         21 (33.33)           0.52
      Heart failure         12 (22.22)         38 (60.32)           \<0.001
  Use of vasoactive drugs   17 (31.50)         21 (33.33)           0.83
  APACHE II score           21.73±7.26         15.75±5.98           0.001
  Water balance             2.212.25±1815.87   1.162.24±1338.21     0.001

AKI - acute kidney injury; EC - emergency care; APACHE II - Acute Physiology and Chronic Health Evaluation II. The categorical variables are expressed as the absolute n (valid percentage); the quantitative variables are expressed as the mean±standard deviation.

The mean age of the study subjects did not vary between the two groups. Most of the study patients in the sepsis AKI and non-sepsis AKI groups were Afro-descendants. The female gender was slightly predominant, albeit without statistical significance ([Table 1](#t01){ref-type="table"}). The patients with septic AKI were mainly from the emergency ward, whereas the main origin of the patients with non-septic AKI was the surgery center. However, the comparison of the different origins of the two groups did not reveal any significant differences ([Table 1](#t01){ref-type="table"}).

The most common diagnoses upon admission to the ICU were as follows: SAH (78/107; 72.9%), DM (36/107; 33.6%) and heart failure/cardiogenic shock (50/107; 46.7%). SAH (p=0.01) and heart failure (p\<0.001) were the most prevalent in the non-septic AKI patients. However, no significant differences were found between the number of diabetic patients in the groups with and without sepsis ([Table 1](#t01){ref-type="table"}).

The mean APACHE II score was higher in the patients with septic AKI than in the non-septic AKI patients (p=0.001) ([Table 1](#t01){ref-type="table"}). The water balance, which is a marker of renal hemodynamics, was significantly higher in the group with sepsis ([Table 1](#t01){ref-type="table"}).

The patients with septic AKI were noticeably more prone to recover renal function, which was not observed in the non-septic AKI patients when the study subjects were allocated into groups according to outcome. In the septic AKI group, a greater number of patients required dialysis and a greater number of deaths occurred. Therefore, septic AKI was associated with a higher rate of in-hospital mortality than non-septic AKI ([Table 2](#t02){ref-type="table"}).

###### 

Bivariate analysis of sepsis and the clinical outcomes of patients with acute kidney injury who were admitted to an intensive care unit

  **Outcome**                  **Septic AKI**   **Non-septic AKI**   **p value**
  ---------------------------- ---------------- -------------------- -------------
  Recovery of renal function   5 (9.26)         0 (0)                0.014
  Need for dialysis            18 (33.33)       6 (9.52)             0.001
  Death                        35 (64.81)       14 (22.22)           \<0.001

AKI - acute kidney injury. The categorical variables are expressed as the absolute n (valid percentage).

The area under the ROC curve (AuROC) for the APACHE II scores was 0.83 (p\<0.001), and the cut-off point that was associated with the best sensitivity and specificity was 18.5 ([Figure 1](#f02){ref-type="fig"}).
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The multivariate analysis of death as an outcome indicated that sepsis (odds ratio, OR: 3.37; 95% confidence interval, CI: 1.20-9.50) and an APACHE II score \>18.5 (OR: 8.66; 95% CI: 3.20-23.40) were predictors of in-hospital mortality using the complete model. In addition, these predictors were confirmed in the final reduced model ([Table 3](#t03){ref-type="table"}).

###### 

The predictors of hospital mortality in a cohort of patients with acute kidney injury who were admitted to an intensive care unit

  **Predictor**                                    **OR (95%CI)**      **OR (95%CI)**
  ------------------------------------------------ ------------------- -------------------
  Sepsis                                           3.37 (1.20-9.50)    3.88 (1.51-10.00)
  Heart failure                                    1.01 (0.34-2.97)    \-
  Hypertension                                     1.04 (0.34-3.15)    \-
  APACHE II score \>18.5                           8.66 (3.20-23.40)   9.77 (3.73-25.58)
  Water balance in the first 24 hours (tertiles)                        
      1^st^ (\<842.64mL)                           0.48 (0.15-1.52)    \-
      2^nd^ (842.64-2,153.0mL)                     0.38 (0.11-1.34)    \-

OR - odds ratio; 95% CI - 95% confidence interval; APACHE II - Acute Physiology and Chronic Health Evaluation II.

DISCUSSION
==========

This study was performed to analyze the characteristics and clinical outcomes of patients with septic and non-septic AKI in a context of critically ill patients. In this study, a higher ratio of renal function recovery, dialysis, and death was observed in the patients with septic AKI. In addition, a greater degree of disease severity was observed in the patients with septic AKI. Furthermore, the presence of sepsis and an APACHE II score \>18.5 were predictors of in-hospital death. The patients with sepsis were approximately four times more likely to die than the patients with non-septic AKI. Additionally, septic AKI patients with an APACHE II score above 18.5 were approximately ten times more likely to die.

AKI is a common condition among critically ill patients,^([@r04])^ and one of the primary etiological factors of AKI, if not the main factor, is sepsis.^([@r05],[@r08],[@r12])^ The first large multicenter study to compare septic and non-septic AKI was conducted by Neveu et al.^([@r12])^ who found a septic origin in 46% of the patients with AKI. Another large study was conducted by Bagshaw et al.^([@r05])^ in which they found a septic etiology in 43% of the patients with acute renal injury. The patients with septic AKI in the present study accounted for approximately half of the cohort (46.15%), which corroborates previous data. This result suggests that the etiological factor is highly important in AKI. Sepsis has emerged as the most important and prevalent indicator of AKI in critically ill patients.^([@r05],[@r08],[@r12])^

The mean age of the patients in this study was high, which corroborates data from previous studies that were conducted on renal patients in the ICU setting.^([@r07],[@r23]-[@r27])^ Additionally, no significant differences were detected in the mean ages of both groups in this study.

An interesting finding in this study was the high prevalence of Afro-descendants. Previously published articles did not report on the ethnic profiles of AKI patients; therefore, this study is presumably the first to identify this population profile because previous studies were conducted in countries with a predominantly Caucasian population.^([@r04],[@r05],[@r08],[@r10],[@r12],[@r26],[@r27])^ However, this important finding was not used to differentiate the groups but confirmed the similarity between the responses of the different ethnic subgroups.

The patients without sepsis had a higher prevalence of cardiovascular comorbidities, including SAH and heart failure. Hypertension increases the pressure throughout the vascular system, including renal glomerular arterioles and capillaries, thereby causing a reflex vasoconstriction that may lead to long-term nephrosclerosis and, consequently, to progressive and irreversible reduction of the glomerular filtration rate (GFR).^([@r28])^ Heart failure predominantly results in low pressure, which favors low renal perfusion and results in a decreased GFR, especially in cases of acute decompensation. GFR reduction is the pre-renal mechanism of AKI.^([@r29])^ SAH and heart failure were more frequent in the group without sepsis and therefore may represent other pathophysiologies of renal injury.

The different physiological characteristics of the groups in this study may be easily understood based on the sepsis process. The excessive production of inflammatory mediators and the exacerbated activation of inflammatory cells occur in systemic infection, thereby resulting in metabolic anarchy.^([@r30])^ The main consequence of this inflammatory response is the involvement of multiple organs and systems. Therefore, the high APACHE II score in the septic AKI patients is a clinical manifestation of those metabolic changes.

The water balance consists of the volume that is acquired by the patient minus the volume lost to the external environment. The acquired volume represents the volume of solution that is infused into the patient, whereas the urine output accounts for the lost volume. Therefore, a high water balance may be due to a high volume of infused water and/or a low urine output. The septic patients with a higher water balance were hydrated with larger volumes of water and/or a lower urine output, which suggests a more severe clinical condition, regardless of the origin of the high water balance.^([@r21])^

Oliguria is a key marker of the septic process.^([@r21],[@r31]-[@r33])^ Previous studies have found that patients with sepsis-induced AKI were more likely to be oliguric than those with AKI due to other causes.^([@r04],[@r05])^

The clinical manifestations of sepsis result from the initial infectious process, the implicit inflammatory process, and ongoing organ dysfunction. Hypovolemia is activated by arterial and venous dilatation, which is caused by inflammatory mediators that are released by the endothelium and a loss of fluids in the extravascular space due to endothelial dysfunction. Hypovolemia prevents good tissue perfusion, which causes ischemia and requires a greater volume of blood to be infused.^([@r21],[@r32])^

Renal function recovery, dialysis, and death were more prevalent in the group of patients with septic AKI, which is similar to findings in other studies.^([@r04],[@r05],[@r12])^ Renal function recovery was the first outcome analyzed in the present study and was only detected in the group of septic patients. Higher recovery rates have been previously reported following the discontinuation of renal replacement therapy in these patients despite the paucity of data on renal function recovery in septic patients.^([@r05],[@r34])^ The pathophysiological explanation for the recovery of renal function in septic AKI patients has not yet been provided. However, differences in the prognosis between septic and non-septic patients suggests a different pathophysiological mechanism for septic AKI. Therapeutic strategies may need to be redesigned based on the mechanism of septic AKI.

Renal function recovery was not observed in the group of patients with non-septic AKI most likely because of a chronic and irreversible renal impairment secondary to underlying SAH. Therefore, the GFR in these patients was most likely reduced to such an extent that they developed a clinical condition termed "acutized chronic kidney injury" because of exposure to a decompensation factor. However, these patients could not recover kidney function because the chronic kidney injury was irreversible. The low number of patients in this study may have contributed to the lack of renal function recovery among non-septic patients.

One of the secondary outcomes in this study was the need for dialysis, which is difficult to assess and compare with previous studies because no standardized definition of AKI has been used in studies. Therefore, the implementation of renal replacement therapy becomes a subjective outcome. The study by Bagshaw et al.^([@r05])^ reported that approximately 70% of septic patients required dialysis, whereas the study by Neveu et al.^([@r12])^ indicated that 47% of septic patients required dialysis. Mehta et al.^([@r04])^ found that 71% of patients with sepsis before and after the onset of AKI required dialysis in contrast to 50% of patients without sepsis. The present study detected lower rates of patients who required dialysis than the rates published in the literature (33.33% of patients with septic AKI and 9.52% of patients with non-septic AKI). Even though the percentage of cases varies from previous studies, the difference between the groups in this study was statistically significant. A greater percentage of septic patients required dialysis than patients without sepsis, which confirms previously published data.

Death was the main outcome of this study, and a homogeneous pattern was observed for this outcome in the current study and previous studies. The number of deaths among patients with septic AKI in the current study was similar to those in previously published articles, which corroborates the validity of these numbers. The in-hospital mortality of patients with septic AKI reported by Neveu et al.^([@r12])^ was 75%. In addition, Bagshaw et al.^([@r05])^ found an in-hospital mortality rate of 70% in AKI patients with sepsis. However, Mehta et al.^([@r04])^ found lower numbers: 48% for patients with sepsis before AKI and 44% for patients with sepsis after AKI. However, they demonstrated that patients with sepsis had an absolute mortality rate that was 20% higher than that in patients without sepsis. Therefore, these studies indicate an association between sepsis and mortality.

After adjusting for confounding factors, a significant association was observed between sepsis and in-hospital mortality in the present study. This result corroborate previous studies, which indicated that sepsis is an independent predictor of death among patients with AKI.^([@r05],[@r12])^ Another independent predictor of mortality in this study was an APACHE II score \>18.5. This variable was significantly associated with mortality. Only one previous study has suggested that the APACHE II score is a predictor of death in AKI patients.^([@r12])^ Other scores of severity have been reported to be predictors of mortality in previous studies.^([@r04],[@r05],[@r12])^

The present study had several limitations. First, the small sample size may affect the accuracy of the associations that were found by reducing the 95% CIs. Nevertheless, the findings were relevant and corroborated those in the literature. Another key limitation was the sepsis diagnosis, which was made by physicians who were in charge of the ICU using consensus criteria; however, the diagnostic agreement between the physicians was not assessed. Furthermore, the data on mortality were assessed from the time of admission until hospital discharge; therefore, long-term data are lacking.

The study only included acute renal injury patients without encompassing the entire population of critically ill patients, which may impact the external validity of this study. However, this study differed from previous studies precisely because it had a cohort of acute renal injury patients. Most studies have used a cohort of septic patients.^([@r08],[@r14],[@r35]-[@r37])^ However, this study design precludes a comparison between septic and non-septic AKI because it assumes that all patients included in the study have sepsis. Therefore, the disease may only be described. The differences in the objectives and results between the present study and previous studies emphasizes the need for further studies.

CONCLUSION
==========

The patients who developed septic acute kidney injury had a lower incidence of arterial hypertension and heart failure. These patients required greater fluid resuscitation within the first 24 hours of admission and had a lower urine output during this period, which resulted in a higher water balance and higher Acute Physiology and Chronic Health Evaluation II scores. Therefore, septic acute kidney injury was associated with a greater severity compared with non-septic acute kidney injury.

Septic acute kidney injury was associated with a higher percentage of patients who required dialysis and a higher percentage of in-hospital deaths. However, recovery of renal function was more common in this group of patients. Sepsis and an Acute Physiology and Chronic Health Evaluation II score \>18.5 were independent predictors of in-hospital mortality.
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